Purpose. To evaluate the use of locking compression plates (LCPs) in diaphyseal forearm fractures. Methods. 9 women and 23 men (mean age, 35; range, 12-70 years) with 45 forearm fractures were treated by open reduction and internal fixation with 3.5-mm stainless steel LCPs. All patients were followed up monthly until union; the mean duration being 20 months. Radiographic assessment was performed at 3, 6, 12, and 18 months. Clinical assessments regarding pain and function were undertaken at the final follow-up. Results. Two patients had delayed union but none had nonunion. There was no deep infection and only one superficial infection. Two refractures occurred after implant removal, both were of simple transverse type and at the sites of the original fractures. 33% of the fractures were reduced anatomically. 56% of the fractures healed with no or minimal callus formation and 44% with moderate callus formation. In total, 13% of the anatomically reduced fractures had moderate or abundant callus formation. 22 patients opted for removal of the implants (29 LCPs), after a mean of 16 (range, 9-21) months.
INTRODUCTION
The use of bone-implant constructs through interfragmentary compression may result in devascularisation of bone fragments and delayed fracture healing. Over the past 2 decades, new implants have been devised to minimise the bone-implant contact area. The point contact fixator (PC-Fix) was developed in which the unicortical locking head screws can be locked into the screw hole on the plate. 1 No compression of the plate on the bone is required. In a randomised controlled study, both the PC-Fix and the limited contact dynamic compression plate (LC-DCP) were found to be effective in the treatment of forearm fractures, despite being different in fixation concept. 2 Comparison of the 2 groups revealed no demonstrable differences in terms of fracture healing, pain, functional results, refracture and infection rates.
The locking compression plate (LCP) was devised by combining the features of an LC-DCP and a PC-Fix.
3 Each of the screw holes allows insertion of a conventional screw or a locking head screw, as it has features of both a smooth sliding compression hole and a threaded locking hole. Although LCPs have theoretical advantages, clinicians are responsible for evaluating their efficacy through well-planned trials and accurate documentation. We aimed to evaluate the use of LCPs in diaphyseal forearm fractures, as plate fixation remains the most-accepted fixation method. May 2001 and June 2003 inclusive, 32  patients (9 female and 23 male; mean age, 35 ; range, 12-70 years) with 45 forearm fractures were prospectively recruited and treated by open reduction and internal fixation with 3.5-mm stainless steel LCPs (Mathys Medical, Bettlach, Switzerland). Informed consent was obtained from each patient. All fresh diaphyseal fractures of the forearm were included. Patients with pathological fractures or inability to cooperate or attend all scheduled follow-up appointments were excluded.
MATERIALS AND METHODS

Between
The fractures were classified according to the AO classification (Table 1 ). 18 (56%) patients sustained low-energy trauma, while 14 (44%) had high-energy trauma. 27 (84%) patients had isolated fractures, while 5 (16%) had multiple fractures. The mean injury severity score was 7.8. One (3%) of the patients had a grade I open fracture. In 3 patients fixation was delayed for more than 5 days. A single injection of a long-acting cephalosporin was given before the operation.
After the fracture was reduced, a conventional screw was inserted to secure the plate onto the bone temporarily. Depending on the fracture configuration, the second screw inserted was either a locking head screw for a bridging technique or a conventional compression screw for interfragmentary compression. Locking head screws were used for the remaining screw holes.
All patients were followed up monthly until union, in a special research clinic. Detailed radiographic assessment was performed at 3, 6, and 12 months, and later (18 months after injury or 6 months after implant removal). Clinical assessments regarding pain and function were undertaken at the final follow-up. The mean follow-up duration was 20 (range, 8-25) months. The proportion of patients attending longterm follow-up (18 months after injury or 6 months after implant removal) was 86%.
Bone union was defined as obliteration of fracture gap or the presence of periosteal callus in radiographs. Delayed union was defined as the presence of the fracture gap or absence of progressive callus formation in the first 6 postoperative months. An independent observer assessed the radiographs to determine whether the fractures were reduced anatomically or non-anatomically. Anatomical reduction indicates precise anatomical alignment, and wedge fragments reduced and fixed with lag screws. In non-anatomical reductions, the main fragments are adapted but not compressed, and no precise anatomical reduction of fragments is achieved. Callus formation in the fractures was classified as: none, minimal, moderate, and abundant.
The functional results of fracture fixation were categorised according to the status of the union and the range of movement, 4 whereas pain was assessed according to its relation to activity and the requirement for medication (Table 2) .
RESULTS
There was no nonunion. The mean union time was 20 (range, 8-36) weeks. Delayed union occurred in 2 patients. One was a 29-year-old man with B3 closed radial shaft fracture that healed after 35 weeks and the other was a 26-year-old man with A3 closed radial and ulnar shaft fractures that united after 36 weeks. Neither patient required additional bone grafting procedures. 33% of the fractures were anatomically reduced, 56% healed with no or minimal callus formation and 44% with moderate callus formation. In total, 13% of anatomically reduced fractures had moderate or abundant callus formation. 22 patients opted for removal of the implants (29 LCPs), after a mean of 16 (range, 9-21) months. There was no deep infection and only one superficial infection; an ulnar wound developed in a 32-year-old man and subsided following antibiotic treatment. There were 2 refractures. One of these occurred in a 26-year-old man with simple oblique fractures of both the radius and ulna and the implants were removed 12 months after the initial operation. One month later the patient fell and refractured both bones at the original fracture sites (Fig. 1) . Refixation with plating was performed and the bones healed uneventfully. The other refracture occurred in a 16-year-old man who sustained a closed, simple transverse fracture of the left radial shaft. The LCP was removed at 11 months. Three months later he fell again and refractured the radius at the original fracture site (Fig. 2) . Since there was little bony displacement, a plaster cast was applied and the fracture healed uneventfully.
DISCUSSION
In consideration of biological factors in internal fixation, a new concept of internal fixator (PC-Fix) utilising locking screws has been devised. It does not rely on interfragmentary compression, and healing with callus formation is expected to be quicker and more effective than primary healing. Nonetheless, its superiority has not been documented. LCPs can be used as a compression plate, a bridging fixator, or a combination of both techniques, depending on the portion of screw hole and the type of screw used. Open reduction and internal fixation has been the standard treatment of forearm fractures. In 1975, Anderson et al. 4 reported a 98% union rate of radial fractures and a 96% for ulnar fractures, with 86% of the patients having excellent or satisfactory results. Chapman et al. 5 reported an excellent or satisfactory functional result in 92% of their patients, with an infection rate of 2.3%. The results of the present study are similar to those reported in our previous study 2 and in the literature. [4] [5] [6] Fixation using an LCP is an effective treatment method in terms of union rate, pain and functional outcomes.
In our previous study, 2 the risk of refracture after plate removal was reported to be 4%. Refracture occurred at the old screw track, even when the original screw engaged in one cortex only. The refracture rate in the present study was 9%; both refractures occurred at the site of the original fractures. Both original fractures were of a simple transverse type and primary bone union with no callus formation was observed. Both implants were removed earlier than the mean interval of 16 months. After these 2 cases of refracture occurring early in our series, we adopted a minimum interval of 18 months for implant removal.
We postulated that the combination of interfragmentary compression with a superimposed locking internal fixator can produce a very stable construct, though it may not be conducive to spontaneous fracture healing, including callus formation. In fact, the control of stability in the locked internal fixator is crucial in determining the type and speed of healing. For a simple fracture with a small interfragmentary gap of <2 mm, a biomechanical study by Stoffel et al. 7 suggested that one or even 2 plate holes near the fracture gap should be omitted to increase the flexibility of the construct, so as to enable a certain degree of fracture motion and bone contact. It is unclear whether a bridging technique or a combination of compression and bridging is beneficial for simple transverse or oblique fractures. 8 The LCP enables usage of a variety of standard and locking head screws to achieve fixed-angle stability. However, it presents an inherent difficulty in terms of clinical evaluation, as the sequence and type of screw insertions often vary depending on the individual case. There is little scientific evidence in the literature from which guidelines for the clinical application of the LCP can be drawn. The number of screws to be inserted and the choices of standard or locking head screws and monocortical or bicortical screws may all have an effect on the mechanism of fracture healing. 9 Although the LCP is an effective device for use as a bridging device in treating comminuted fractures, its usage in simple fractures and its superiority over conventional plating systems is yet to be proved. Implant removal within 18 months of fixation is not recommended. Well-documented clinical trials of LCP are needed before guidelines on its application can be drawn.
